Abstract Binocular rivalry is a phenomenon of visual competition in which perception alternates between two monocular images. When two eye's images only differ in luminance, observers may perceive shininess, a form of rivalry called binocular luster. Does dichoptic information guide attention in visual search? Wolfe and Franzel (Perception & Psychophysics, 44(1), 81-93, 1988) reported that rivalry could guide attention only weakly, but that luster (shininess) Bpopped out,^producing very shallow Reaction Time (RT) × Set Size functions. In this study, we have revisited the topic with new and improved stimuli. By using a checkerboard pattern in rivalry experiments, we found that search for rivalry can be more efficient (16 ms/item) than standard, rivalrous grating (30 ms/item). The checkerboard may reduce distracting orientation signals that masked the salience of rivalry between simple orthogonal gratings. Lustrous stimuli did not pop out when potential contrast and luminance artifacts were reduced. However, search efficiency was substantially improved when luster was added to the search target. Both rivalry and luster tasks can produce search asymmetries, as is characteristic of guiding features in search. These results suggest that interocular differences that produce rivalry or luster can guide attention, but these effects are relatively weak and can be hidden by other features like luminance and orientation in visual search tasks.
Each of our two eyes captures a slightly different view of the world, and the brain typically combines the two retinal projections into a single, stable, 3-D view. Binocular stability falls apart when the input to the two eyes becomes too different. Faced with unreconcilable differences between the eyes, perception will alternate between two different monocular inputs (R. Blake & Camisa, 1978) . This phenomenon is called binocular rivalry (see Brascamp, Klink, & Levelt, 2015 , for a recent review). A special case of binocular rivalry is binocular luster, luster is specifically associated with luminance differences between monocular inputs: BIn a stereogram intended to represent some object, suppose that a certain area in one of the pictures is shown in white, and in the other picture in black, or suppose that the particular place is colored differently in the two pictures…then, when the two views are combined stereoscopically, this area will shine with a certain lustre 1^( Von Helmholtz, 1924, p. 512) . Wolfe and Franzel (1988) asked whether rivalry and luster could guide attention using a visual search paradigm (Wolfe & Franzel, 1988) . In a visual search task, observers search for a target among a number of distractors. All else being equal, each additional distractor will make the search more difficult (Egeth, 1977) . However, if a target is defined a feature (e.g., color, orientation) not present in the distractors, search performance will be more efficient. If the guiding feature is salient enough, RT will be independent of the number of distractors, and the target is said to Bpop-out^(the slope of RT × Set Size will be near zero; Egeth, 1972) . More generally, the strength of guidance can be quantified by the degree to which the presence of a feature can reduce RT × Set Size slopes. For example, suppose you are looking for a T among Ls-a classic Bunguided^search. The slope might be 30 ms/item for target-present items. If the search is for a red T and the Ls are equally divided between red and green items, the slope will be near 15 ms/item because the guidance will be nearly perfect, and half of the items can be ignored. If the red L is presented among red and reddish-orange Ls, the guidance will be less perfect, and the slope will lie somewhere between 15 and 30 ms/item. A limited set of attributes can guide attention in this way (reviewed in Wolfe & Horowitz, 2004; Wolfe, 2014) . The purpose of this study is to revisit the status of binocular rivalry and luster on the list of guiding attributes.
An important characteristic of guiding features is that search for the presence of a feature tends to be more efficient than search for its absence. This is known as a Bsearch asymmetry ( Treisman, 1985; Wolfe, 2001) . For example, it is easier to detect a moving stimulus among stationary distractors than a stationary stimulus among moving distractors (Dick, Ullman, & Sagi, 1987) . Researchers have taken such asymmetries as evidence for the existence in the visual system of a basic feature detector that responds to a particular feature-motion, in this example (Treisman, 1988) . Search asymmetries are widely used as an important tool in the study of visual attention, though Rosenholtz (2001) points out some important limitation of the use of asymmetries to identify features.
In 1988, Wolfe and Franzel (1988) argued that targets defined by binocular rivalry did not Bpop out^but that targets defined by binocular luster did. At that time, analysis of visual search data was dominated by Treisman's division of search tasks into serial and parallel (Treisman & Gelade, 1980) on the basis of the slopes of RT × Set Size functions and other metrics. Subsequently, it became clear that the efficiency of search tasks formed a continuum (Wolfe, 1998a, p. 21) . For instance, Treisman had argued that serial search was required for conjunction tasks in which the target was defined by a combination of two features (e.g., a red vertical target among RED horizontal and green VERTICAL distractors; Treisman & Gelade, 1980) . It has since become clear that conjunction searches can be more efficient than Treisman proposed (e.g., Nakayama & Silverman, 1986; Quinlan & Humphreys, 1987; Zohary & Hochstein, 1989) . Features that produced pop-out in homogeneous displays (e.g., red among green) could Bguide^attention in conjunction tasks (Wolfe, Cave, & Franzel, 1989) . Moreover, weak features might guide attention only weakly even in search for a target among homogeneous distractors. Thus, while a red target will pop out among green distractors, producing an RT × Set Size slope near zero ms/ item, the same red target will not be found so efficiently among reddish-orange distractors. As the difference between target and distractors decreases, the slope of the RT × Set Size function increases (Nagy & Sanchez, 1990 ). Slopes will also increase if the distractors differ among themselves. Red among green will be more efficient than red among green, blue, and yellow; though both of those searches will be easy (Duncan & Humphreys, 1989) .
In light of the subsequent development of the field, Wolfe and Franzel's (W&F; 1988) conclusions about rivalry and luster deserve a new look. Search for vertical versus horizontal rivalry among vertical or horizontal fused distractors was inefficient (W&F Exp. 1: 26 ms/item for target present, 36 ms/item for target absent-comparable for what one might get for a classic inefficient search for a T among Ls or a 2 among 5s; Wolfe, 1998b) . Chromatic rivalry (red-green rivalry among red and green fused distractors) produced target-present slopes averaging 16 ms/item (Exp. 3) and target-present slopes were just 9.5 ms/ item for left versus right oblique grating rivalry among left and right oblique distractors. Experiment 3 used larger set sizes than Exp. 1 as well. W&F declared this result to be Bconsistent with the predictions of serial, self-terminating search.^However, having moved away from a strict serial/parallel dichotomy in the analysis of search results, slopes around 10 ms/item are in the range produced by guided conjunction searches (Wolfe, 1998a, p. 22) and would be considered reasonably efficient. They suggest that something is guiding the search, making it worth revisiting the original W&F claim.
There has been some work on the role of monocular information in visual search since the original W&F paper. Some evidence suggests that eye-of-origin information can modulate the deployment of attention (Shneor & Hochstein, 2006; Zhaoping, 2012) . Solomon et al. argued that a form of protorivalry can support texture segmentation, at least if the texture elements are fairly closely packed (Solomon, John, & Morgan, 2006) . The most extensive work on search for interocular conflict has been done by Paffen et al. (Paffen, Hessels, & Stigchel, 2012; Paffen, Hooge, Benjamins, & Hogendoorn, 2011) . They found efficient search for a target that was vertical in one eye and horizontal in the other among distractors that were vertical or horizontal in both eyes. Because this was in apparently conflict with the Wolfe and Franzel (1988) results, they embarked on a series of experiments to uncover the source of the difference. When they directly replicated W&F's conditions, they obtained essentially the same results that W&F reported. Interestingly, when they reduced the contrast of their vertical and horizontal gratings, search for the interocular conflict target became much more efficient. This might seem surprising because reducing the salience of stimuli usually makes search less efficient (e.g., for conjunction search; Wolfe et al., 1989) . However, in binocular phenomenology, reducing contrast makes dichoptic stimuli more likely to appear fused (Liu, Tyler, & Schor, 1992) . Paffen et al. (2011) hypothesize that the Babnormal fusion^ (Wolfe, 1983) of vertical and horizontal gratings created a dichoptic plaid-like stimulus that was easily found amidst simple gratings. It is not simply that Paffen's observers were looking for a plaid. They could still search for their binocular conflict stimuli when the distractors were plaids. As Wolfe (1983) also noted, abnormally fused gratings do not look like Breal^plaids, but neither do they appear rivalrous. When Paffen et al. optimized the conditions for abnormal fusion, search became even more efficient. They tie their results to the proto-rivalry phenomena of Solomon et al. (2006) .
Whatever the exact phenomenology, the Paffen et al. (2011) results show that interocular conflict can support efficient search under conditions that may give rise to abnormal fusion. In the following experiments, we extend this result to show that, under the right circumstances, rivalry seems to guide attention under conditions that did not produce an impression of abnormal fusion. In Experiment 1, we test the hypothesis that search for a rivalrous target can be disrupted by the orientation contrast between vertical and horizontal distractors. To reduce that contrast, we use checkerboards of vertical and horizontal patches as the stimuli. When a rivalrous checkerboard is presented among fused checkerboards, we find that search becomes reasonably efficient. We also revisit the question of guidance by binocular luster. Luster has not received much attention as an attention-guiding attribute since the original W&F report. Computer graphics displays were somewhat cruder in 1988. With better control over some potential artifacts, Experiments 2 and 3 indicate that luster is a fairly weak guiding feature. Finally, Experiment 4 shows that adding luster to a target can make it easier to find.
Experiment 1: Search for rivalry-checkerboard pattern can be quite efficient
Method
In the rivalry search experiment of W&F, observers searched for a target that was a vertical grating in one eye and a horizontal grating in the other (rivalry) among distractors that were vertical in both eyes or horizontal in both eyes (fused). Grating displays produce strong orientation contrasts between vertical and horizontal patches. As a result, the display was filled with strong orientation contrasts that might have added bottom-up noise to the display and reduced any guidance by the interocular conflict. For instance, a vertical grating, flanked by two horizontal gratings, would produce a bigger bottom-up orientation signal than a vertical grating, flanked by two verticals. Such signals would be uninformative and might hide any putative rivalry signal when bottom-up and top-down signals are summed into an attention guiding salience map (Rangelov, Müller, & Zehetleitner, 2012) . We hypothesized that we might see more guidance by rivalry if we used a checkerboard pattern of vertical and horizontal gratings (see Fig. 1a ) rather than simple grating stimuli (Fig. 1b) . This hypothesis is based on the observation that bottom-up orientation contrasts appear to be stronger with gratings than with checkerboard stimuli. This is demonstrated in Fig. 1 , where it is much easier to find two targets with the simple grating stimuli (Fig. 1b) , because those grating generate stronger, bottom-up orientation signals than do the checkerboard stimuli. In rivalry experiments, these orientation contrasts may mask the signal from a rivalry target, making it easier to search for rivalry when using the checkerboard stimuli of Fig. 1a .
Thus, in Experiment 1, participants searched for rivalrous targets among fused distractors or for fused targets among rivalrous distractors. There were two versions of each of these searches: A grating condition and a checkerboard condition.
Participants
Thirteen participants (mean age = 26.6 years, SD = 5.4, six females) gave informed consent and were paid $10/hr to participate in this experiment. Stereoacuity was measured using the Titmus Stereo test (Stereo Optical Co., Chicago, IL). All had normal or corrected-to-normal vision and were unaware of the research goal of the experiments. The data of participants whose average error rate more than 20% were excluded from further analysis, leaving a total number of eleven participants.
Apparatus and stimuli
Stimuli consisted of left eye images and right eye images were drawn and scripted using PsychoPy (Peirce, 2007) and presented on two 20-in. Planar PL2010M LCD (Planar Systems Inc.) monitors respectively with a resolution of 1,600 × 1,200 pixels, and a 60Hz refresh rate, and participants were seated approximately 70 cm from the screen. The two monitors were mounted one above the other with a polarized mirror set in between. Dichoptic presentation was achieved when observers wore polarized glasses. Each display consisted of a variable number of items that were presented on an imaginary circle with a diameter of 12.1°around a fixation point. The circle contained 12 possible positions for items evenly spaced every 30 degrees around the circle. On each trial, the items were randomly assigned to these positions. Set sizes were 4, 8, and 12. The items consisted of checkerboard or square-wave grating patterns. Figure 2 shows an example of checkerboard 
Procedure and design
The task was to detect whether a target was present or absent among distractors by pressing a corresponding key. Participants were instructed to respond as quickly and accurately as they could. Without binocular information, participants were unable to find the target using only one eye. There were two versions of both experiment and control conditions: (1) search for a rivalrous target among fused distractors and (2) search for a fused target among rivalrous distractors. Each configuration consisted of 180 trials that were evenly distributed between the three set sizes. These trials were preceded by 18 practice trials. A target was present on half of trials. Target presence or absence was randomized across trials. Target location was also randomized for target-present trials. The search task was displayed until a response was made or for 10 seconds, whichever occurred earlier.
Accuracy feedback was provided after each trial.
Results
In checkerboard and grating experiments, the error rate in search for rivalry among fused distractors was larger than that in search for a fused target among rivalry. The accuracy for gratings was better than for checkerboards. All error trials were removed from the analysis of reaction times. A two (rivalry or fused) by two (grating or checkerboard) repeated-measures ANOVA on arcsine transformed error rates shows that the difference between rivalry (M = 5.25%) and fused (M = 14.0%) was significant, F(1, 10) = 29.39, p < .001, and the difference between checkerboard (M = 7.98%) and grating (M = 11.3%) was also significant, F(1, 10) = 8.60, p = .015, as well as the interaction between these factors, F(1, 10) = 17.73, p = .002. To further assess the interaction, paired-sample t tests showed that all comparisons were significant (all ps < .01) except for the difference between rivalry gratings and rivalry checkerboards, t(10) = 0.44, p = .67. Graphs of RT as a function of set size are shown in Fig. 3 . It can be seen that search for the rivalrous target is more efficient in the checkerboard case. Search for the fused condition is markedly less efficient in than search for rivalry (a classic search asymmetry; Treisman, 1985) . Search for a fused target is easier in the grating condition. These observations are borne out by statistical analysis. left eye's image right eye's image A three-way, repeated-measures ANOVA conducted on target-present RTs revealed main effects of set size, F(2, 20) = 24.69, p < .001, target pattern (checkerboard or grating), (F(1, 10) = 7.07, p = .024), target type (rivalry or fused), F(1, 10) = 34.83, p < .001, and significant interactions between set size and target type, F(2, 20) = 13.77, p < .001, target pattern and target type, F(1, 10) = 24.45, p < .001, as well as a marginally significant interaction between set size and target pattern, F(2, 20) = 3.07, p = .069. The three-way interaction between set size, target pattern, and target type was also significant, F(2, 20) = 10.28, p < .001. A similar pattern was seen in the absent trials. The interaction between target type and target pattern was examined with a paired-sample t test. RTs were generally faster with fused grating versus fused checkerboard, t(10) = 3.69, p = .004, and this effect was not observed for rivalrous stimuli, t(10) = 0.40, p = .70. The faster search seen when the grating stimuli were used may simply reflect the relative simplicity of those stimuli (Foster & Westland, 1995) .
Because we are particularly interested in whether that the set size effect differs in checkerboard and grating conditions, we followed up those interactions by performing pairedsample t tests on the target-present slopes of the RT × Set Size functions. The results revealed that the average slope for the rivalry checkerboard was significantly shallower than that for the rivalry grating, t(10) = 2.58, p = .027, while the slope for fused checkerboard was significantly steeper than that for fused grating, (t(1,10) = 5.25, p < .001. In the checkerboard condition, the rivalrous target slope was significantly shallower than the fused target slope, t(10)=5.91, p < .001, but this difference was not significant in the grating condition, t(10)=1.71, p = .12.
Discussion
The results of Experiment 1 replicate the findings of Wolfe and Franzel's (1988) . Even with the checkerboard stimuli, rivalry does not Bpop out^(slope = 16 ms/item), though, consistent with our hypothesis, the search for rivalrous among fused was markedly more efficient with checkerboard stimuli than with grating stimuli. This more efficient search is not due to a speed-accuracy trade-off with rivalry checkerboard stimuli, because there is no obvious difference in error rate between these two conditions. If there is a weak rivalry signal that can guide attention, use of the checkerboard stimuli made it easier to see that signal in action. Search asymmetry is another diagnostic sign of a guiding signal. The presence of a feature guides attention more effectively than the absence. Paffen et al. (2011) reported an asymmetry with their with low-contrast, dichoptic stimuli. In Experiment 1, the checkerboard results reveal a clearer search asymmetry than do the grating results. Because the asymmetry favors the search for the rivalrous target, we would conclude that rivalry, not fusion, generates the guiding signal. In this view, interocular fusion is the absence of rivalry rather than being a guiding feature in its own right. In this, it may be comparable to motion. Finding one moving stimulus among stationary distractors is much easier than funding one stationary target among moving distractors (Dick et al., 1987; Royden, Wolfe, & Klempen, 2001 ). Based on these results, we suggest that, contrary to Wolfe and Franzel's (1988) original claim, interocular conflict can be a guiding feature. It may provide only fairly weak guidance, but, as others have suggested (Paffen et al., 2011; Zhaoping, 2012) , it does appear to guide attention. Wolfe and Franzel may have failed to see evidence of this weak signal because it was masked by irrelevant orientation contrasts between items.
Experiment 2: Search for luster doesn't always pop out
Method
The other major conclusion of Wolfe and Franzel's (1988) paper was that luster, created by interocular luminance mismatch, did guide attention. Experiments 2 and 3 revisit this claim. Luster/ shininess is an important feature of visible surface (Beck & Prazdny, 1981; A. Blake & Bülthoff, 1990; Fleming, Dror, & Adelson, 2003; Motoyoshi, Nishida, Sharan, & Adelson, 2007) . The aim of Experiment 2 is to investigate whether search for luster is still efficient when potentially artifactual contrast and luminance cues are reduced. Wolfe and Franzel showed that binocular luster behaves like a basic feature (RT independent of the number of distractors). In the original W&F paper, Experiment 6 found very efficient search for a dark/black disk in one eye and a white disk in the other eye amidst distractors that were white in both eyes or dark in both eyes. Introspectively, the task is search for the shiny/lustrous target, but it could be that it was simply easy to find a target of intermediate average luminance among distractors that were lighter or darker. In Experiment 2, distractor disks with variable gray levels were used to reduce this luminance cue. Luster was produced by presenting darker disks to one eye and lighter disks to the other eye (Formankiewicz & Mollon, 2009 ), but the simple arithmetic mean of the two disks was no longer a reliable guide to the target.
Participants
Nine subjects (mean age = 26.7 years, SD = 5.2, three females) participated this experiment. Stereoacuity was measured using the Titmus Stereo test (Stereo Optical Co., Chicago, IL), and all had normal or corrected-to-normal vision.
Stimuli, apparatus, and procedure
The apparatus and viewing conditions were the same as in Experiment 1. Stimuli were generated by MATLAB with the Psychophysics Toolbox (Brainard, 1997) . A set of 4, 8 or 16 disks appeared within a 21.2°diameter ring in each trial. Even spacing was maintained for all set sizes. For example, if set size was 4, the four items were constrained to four positions with even distance between them. The outline of the ring, the outlines of all possible disks, and the fixation cross were visible throughout the whole experiment in order to maintain accurate vergence on the plane of the monitor. An example of the Experiment 2 conditions is shown in Fig. 4 . All disks were centered at a distance of 8.5°from the fixation cross. The size of each element was 1.3°.
The task was to detect whether there was a shiny/luster target. However, targets could be defined by different combinations of bright and dark disks and distractors could also have various grey levels, as shown in Fig. 4 . The parameters of target and distractor disks are described in Table 1 . Participants completed 360 trials in total. Three types of targets were pseudorandomized (120 trials each target). A break was allowed every 180 trials. Participants resumed the experiment when they felt ready.
Results and discussion
As shown in Fig. 5 , with these stimuli, search for targets defined by interocular luminance difference/luster was markedly less efficient than W&F finding of a 4.9 ms/item slope of the RT × Set Size function. Here the slope averaged 16 ms/item. Overall error rate is 2.8% in this experiment, and all error trials were removed from the analysis of reaction times. A two (target type: rivalry, fused) by three (set size: 4,8,16) repeated-measures ANOVA on the target-present data revealed a main effect of set size, F(2, 16) = 15.20, p < .001, no significant effect of target type, F(2, 16) = 0.95, p= .41, and no significant interaction between set size and target type, F(4, 32) = 0.64, p = .64. A paired-sample t tests show no significant differences between any of two targets. Figure 5 shows that each of the three target types produced a similar RT × Set Size function. There is no reliable difference between the slopes for these three, ANOVA, F(2, 24) = 0.047, p = .95. The slopes differ from zero, all t(8) > 2.7, all ps < .025. If luster was guiding attention in Experiment 2, it was doing so in weak manner. Perhaps, as in the grating rivalry condition, the differences between targets on an irrelevant dimension, in this case luminance, acted to hide a weak luster signal. We will return to this topic in the general discussion. left eye's image right eye's image Fig. 4 Stimuli used in Experiment 2. Luster is produced by presenting a brighter disk to one eye and darker disk to the other eye. (Highlighted by red rectangle, not shown to the observer). Importantly, neither monocular nor binocular luminance is a reliable cue to target location (Color figure online) Wolfe and Franzel (1988) did not find a significant search asymmetry in luster search. Searching for matte among shiny was only slightly less efficient than search for shiny among matte. However, if we consider the possibility of using just the average luminance as the search signal, in the matte search condition, the target would be the only bright or dark item among items of a uniform middle gray. This might be expected to be easier than a search for the middle gray among a mix of bright and dark. The experimental design, itself, is asymmetric (Rosenholtz, 2001 ).
In Experiment 3, in order to correct for this design flaw, we designed a symmetric task in which participants searched for bright shiny and dark shiny targets among bright and dark matte distractors and vice versa.
Participants
The same nine subjects in Experiment 2 participated this experiment.
Stimuli, apparatus, and procedure
Except as noted, the apparatus and stimuli were as described in Experiment 2. The parameter of targets and distractors were shown in Table 2 . Many of the classical studies of binocular luster studied monocular stimuli that are not just of different luminance but are of reversed contrast polarity (Anstis, 2000) , but some level of luster may also be perceived even if the contrast polarity of the dichoptic spots is the same as long as their contrasts or luminance differ (Anstis, 2000; Formankiewicz & Mollon, 2009) . In this experiment, luster targets were produced with monocular spots of the same polarity but different luminance. Gray levels of targets and distractors were chosen in a manner intended to maximize the contrast differences of both bright shiny and black dark targets simultaneously. Observers reported the phenomenological experience of luster with these parameter settings.
As noted above, in Experiment 3, there were always two types of targets and two types of distractors. Of course, if the target were reliably brighter or dimmer than the distractors, search could be based on luminance rather than on luster or its absence. To avoid this, we used the method of adjustment to equate the apparent brightness of lustrous and matte targets. It is surprisingly hard to match the gray level of a shiny surface to that of a matte surface. Thus, to meet our goal of thwarting a brightness cue, a random amount [0%-10%] was added to or subtracted from each gray level for every stimulus. This 10% noise is sufficient to mask subjective brightness differences between the lustrous and matte items. The noise changed on every trial so that luminance would be an (almost) useless cue. Luster or its absence was the only reliable guiding feature here.
There were two blocks in this experiment: (1) search for a lustrous target and (2) search for a matte target. Set size and target presence were randomized within each block. Figure 6 shows an example of stimuli used in matte target block. Participants completed 480 trials in total. Accuracy feedback was given after each trial.
Results and discussion
Average RTs as a function of set size are shown in Fig. 7 . It is clear that search for the matte target was a much harder task than search for a lustrous target. This is seen in both speed and accuracy. Starting with accuracy, average error rate was 7% for luster search versus 21% for matte search. A repeatedmeasures ANOVA on arcsine transformed error rates revealed a main effect of target type (luster or matte), F(1, 8) = 17.22, p = .003. All error trials were removed from the RT analysis as were all RTs > 6 seconds; a further 1.8% of the trials. A 2 (target type: luster, matte) × 3 (set size: 4,8,16) repeated-measures ANOVA conducted on the target-present data revealed a main effect of target type, F(1, 8) = 13.9, p = .006, and set size, F(2, 16) = 20.01, p < .001, as well as a significant interaction between set size and target type, F(2, 16) = 4.27, p = .033. A similar pattern was seen in absent trials. We calculated search slopes for each target condition, and examined the interaction with pairedsample t tests, finding that there was a marginally significant difference between the luster present (15 ms/item) and matte present (47 ms/item) slopes, t(8) = 2.2, p = .058. The marginal significance is due to large speed-accuracy trade-offs for the matte condition. Average d′ for the luster condition is 3.25. Average for the matte condition is only 2.0, reflecting the higher error rate for the matte condition. Moreover, 4 of 9 observers have d′ <= 1.0 for the matte condition. If we analyze the RT data with only the five reasonably accurate observers, the average target present slope rises from 47 to 71 ms/item. With only those . A luminance noise value (+/-0-10%) was added to every item on each trial to mask brightness cues to target identity five, matte search is significantly less efficient than luster search, t(4) = 4.6, p = .01. Thus, search for matte targets is either much slower or much less accurate than search for a luster target. This is consistent with a role for luster as a guiding feature, albeit a relatively weak one.
Experiment 4: Adding luster to target can facilitate visual search Method Experiment 4 is a replication of the basic luster search with a different set of stimuli, shown in Fig. 8 . Here it would be possible to search for the target that was black on the right among targets that were black on the left. Thus, luster was not necessary to the task. However, in the luster conditions it proves to be easier to find the target if it is the lustrous one. Twelve subjects (mean age = 29.4 years, SD = 11.1, eight females) participated in this experiment. Stereoacuity was measured using the Titmus Stereo test (Stereo Optical Co., Chicago, IL), and all had normal or corrected-to-normal vision.
The apparatus were the same as described in other experiments. In this experiment, the target was the always the disk with a dark half on the right. There were three conditions in this experiment, shown in Fig. 8 . In the luster condition, as shown in the top green rectangle, the dark half of the target would be perceived as lustrous. In the matte condition (middle, blue rectangle), the dark left halves of the distractors appeared lustrous, so the target was the only matte item. In the control condition highlighted with the purple rectangle, all items were matte. The target was the only item with its dark side on the right; a search task known to be inefficient (Kleffner & Ramachandran, 1992; Logan, 1995) . All disks were centered on an imaginary circle with a diameter of 10°around a fixation point. The size of each element was 0.85°.
Set size and target presence were randomized within each condition. Participants completed 720 trials in total. Set sizes of 2, 4 or 8 were used in Experiment 4. The outline of the ring, the outlines of all possible disks and the fixation cross were visible throughout the whole experiment to allow the easy maintenance of vergence. Accuracy feedback was given after each trial.
RT × Set Size functions are shown in Fig. 9 . It is clear that search is much easier when the target item has luster added to it. Performance was good on this task. Participants had a mean error rate of 3%. All error trials were removed from analysis as well as all RTs greater than 4 seconds (0.3% of trials). A 3 (target type) × 3 (set size) repeated-measures ANOVA conducted on the targetpresent data revealed a main effect of set size, F(2, 22) = 154.13, p < .001, and target type, F(2, 22) = 76.27, p < .001, as well as a significant interaction between set size and target type, F(4, 44) = 59.25, p < .001. A similar pattern was seen in absent trials. We followed up the interaction with paired-sample t tests, finding that the slopes of three target types differ from each other, all t(11) > 3.84, all ps < .003.
Experiment 4 shows that luster can be a useful piece of information in distinguishing targets and distractors. As noted, search for the target with black on the right among black-on-left distractors is known to be hard. It would, of course, be much easier if the target was colored red or made to move. Here we show that the search is made easier if the target is Bcolored^shiny. As in the previous experiments in this study, a uniquely shiny target does not pop-out of the display, producing a near zero RT × Set Size slope. Instead, it produces a reasonably efficient slope of 14 ms/item. Half of the observers have target present slopes of 9 ms or shallower in the luster condition. These results are consistent with weak guidance, as if the target had been colored, perhaps, a pale green. The matte condition is clearly better than the control condition, but worse than the luster condition, replicating the asymmetry, seen in Experiment 3. This, too, is consistent with the notion that luster is a weak feature, and that its absence is more difficult to detect than its presence. It is possible that observers were detecting a gray target in the luminance condition (black averaged with white). However, the search asymmetry would be somewhat surprising under that account because it would assume that a gray target among black distractors is easier to find than a black (matte) target among gray (luster) distractors.
General discussion Wolfe and Franzel (1988) argued that binocular rivalry was not a preattentive feature. In light of our new data and in light of our changing ideas about guidance of attention, we would suggest that rivalry is, in fact, a guiding feature, though it appears to be fairly weak. Slopes of RT × Set Size functions this study and in the original W&F paper fall into the ambiguous realm of moderate efficiency, but many of our observers appear to be able to search quite efficiently for rivalry with group averages being pulled down by a few quite inefficient searchers. Moreover, the reliable rivalrous/fused search asymmetry is consistent with the idea that the presence of rivalry guides search while its absence does not. Paffen et al. (2011) also found In their experiments, however, efficiency was improved (paradoxically), by reducing stimulus contrast in a way that may accentuate an abnormal fusion cue to the location of the target. In our Experiment 1, the critical move seems to have been to reduce the between-item orientation contrast by switching to plaids that form an essentially homogeneous set of distractors. Turning to luster, Wolfe and Franzel (1988) had found luster to be a strong guiding feature. They found target present slopes of about 5 ms/item with similar slopes for target absent. Search for matte targets was somewhat more difficult, but not much more difficult. In these experiments, we do not produce such efficient slopes. Across three experiments, the target present slopes are around 15 ms/item. The mean RTs are slower in the new data than in the old data as well.
2 The presence of a clear search asymmetry in Experiment 3 and 4 is consistent with guidance by a luster feature but the evidence is clearly weaker than that put forward by W&F. There are at least two plausible accounts for the difference. It could be that luminance artifacts contaminated the W&F results. Alternatively, it could be that distractor heterogeneity or other factors weakened the luster signal in the presence experiments. These two accounts are not mutually exclusive. It is difficult to produce targets and distractors that differ from each other only in shininess. Using binocular luster to produce shininess, as we do here, raises the possibility of luminance confounds. There are other ways to make something look shiny. For instance, shiny objects typically have highlights on them from the specular reflection of the light source (Fleming et al., 2003; Muryy, Fleming, & Welchman, 2014) . Removing a specular reflection can make a shiny sphere appear matte, but the search could then become a trivial search for the presence of a small white dot rather than a search for shininess. In unpublished work, we have tried to create convincing search for the shine of a specular reflection without notable success (Birnkrant, Wolfe, Kunar, & Sng, 2004) . For the present, the results leave us with the conclusion that binocular luster is, at best, a fragile feature.
Thus, compared the conclusions of Wolfe and Franzel (1988) , we are more convinced that rivalry has an ability to guide attention and less convinced that luster pops out. Indeed, they seem to be about equally effective as guiding features. This is, perhaps, a bit of a surprise. Luster is a surface property. Some objects are shiny. Rivalry is not really a property of surfaces. It is an accident of their placement, relative to our two eyes. We think of guiding attributes as properties of objects in the world so one might expect shininess to guide and rivalry not to. However, a very recent study by Zou et al. showed that binocular rivalry can be induced from conflicting but invisible spatial patterns (Zou, He, & Zhang, 2016) . The invisible gratings produced significant BOLD activities in the early visual cortex but not in frontoparietal cortical areas, suggesting that interocular competition is triggered by and resolved by local mechanisms in the early visual cortex. If rivalry information is available in early visual cortex, similar to reliable features like color and orientation, it is not unreasonable that rivalry could guide attention, as shown in our study. Even though at first glance binocular rivalry and binocular luster are quite different phenomena, it is possible that they share some part of the same mechanism. For the present, it appears that both of these forms of interocular differences can guide attention with modest effectiveness.
Conclusion
The findings of our study modify our understanding of the role of interocular difference in guiding attention. We have demonstrated that rivalry and luster have similar abilities to guide attention in visual search tasks. Both produce search asymmetries as is characteristic of guiding features. Moreover each can support fairly efficient search slopes that seems to be easily disrupted by other stronger guiding features like orientation and luminance.
